Localization of a system of vector and scalar fields in a modified Randall-Sundrum model AIP Conf. Proc. 1677, 040003 (2015) Abstract. We consider a modified Randall-Sundrum metric model in a five-dimensional spacetime. The metric is conformally flat, has an exponential warp factor, and is physically distinct from the original Randall-Sundrum metric model. Massless scalar fields are localized on the brane for decreasing warp factor while massive scalar fields are localized on the brane for either decreasing or increasing warp factors. There is an upper bound mass for the decreasing warp factor and there are two possible different masses for the increasing warp factor. For a constant value of the fifth component of the vector matter field we obtain a possible localization for massless vector fields, but not for massive vector fields. Both massless and massive spinor fields unfortunately are not localized on the brane.
INTRODUCTION
Theories with higher dimensional spacetimes have been among the most interesting research topics in theoretical physics since the beginning of the modern physics era. Kaluza-Klein theory [1, 2] introduced an extra dimension to unify electromagnetic and gravitational forces. In braneworld models [3] [4] [5] [6] [7] [8] [9] [10] extra dimensions are used to address hierarchy problems. Such a model hypothesizes that ordinary matter is localized on a brane, a four-dimensional spacetime, which is imbedded in a bulk, higher-dimensional spacetime. The Randall-Sundrum model [5, 10] is among the most popular brane world models with one extra dimension (the y-coordinate). The first type of Randall-Sundrum model uses two branes, the Planck brane at y=0 and the TeV brane at y=2 R where R is the bulk radius. The second type of model uses only one brane located at y=0. The five-dimensional spacetime in the Randall-Sundrum model is defined through the following metric 2 
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k y ds e dx dx dy (1) In the above k is a constant and is the Minkowski metric. By defining the new extra coordinate z through (dy) 2 =exp( 2k|y|)(dz) 2 [9] the above metric can be written as
A B AB ds dx dx k z ( 2 ) where A,B=0,1,2,3,5 with z as the fifth coordinate. Unlike the metric (1) this metric has the same warp factor for all coordinates, but it does not have an exponential form. We can define a new metric which is conformally flat like (2) but with an exponential warp factor like (1) [11] 2 2 || ( ) .
In the above r is the extra coordinate, X 5 =r. It turns out that this r metric differs from the Randall-Sundrum metric (1) in the extra coordinate part: (3) has an exponential warp factor while (1) has a constant, unity, warp factor. Thus we can say that (3) is a modified Randall-Sundrum metric. In fact we can obtain (3) from (1) through (dy) 2 =exp( 2k|r|)(dr) 2 and exp( k|r|)dX =exp( k|y|) dx [11] . Spacetimes defined by the metrics (1) and (2) are similar, their proper distances along the extra dimension is infinite. The spacetime defined by (3) on the other hand differs from (1) and (2) . Depending on the values of k spacetime (3) has either infinite or finite proper distance along extra dimension. Also, the Ricci scalars of the metric (1) and (2) are the same but they differ from (3) . The fine tuning of the metrics (1) and (2), i.e. setting the cosmological constant = k 2 , leads to the vanishing of the energy-momentum tensors in the bulk for metrics (1) and (2) but not for metric (3) [11, 12] .
LOCALIZATION OF MATTER FIELDS
We consider in this section the spacetime metric (3). For convenience we write X as x and X 5 as r. The action for a complex scalar field is given by 5 0 * .
Decomposing (x ,r)= (x ) 0 (r) leads to 
The condition for localization is that the two integrals over r in the above equation should be finite. Normalizing the field , the first integral equals unity while the second integral equals m 2 , where m is the mass of the scalar field on the brane. Both integrals depend on 0 (r). This function is the solution of the equation of motion of the field in the bulk and has the form [11] (6) Inserting the above solution into the r-integrals in (5) one can conclude that: 1) for the massless mode the field is localized on the brane only for decreasing warp factor (k>0) with b 0 =0, 2) for the massive mode the field is localized for both decreasing and increasing warp factors when we set c 0 =0. This is better localization as compared to the original RandallSundrum model where massive scalar field cannot be confined. Note that for the massive mode for both decreasing and increasing warp factors the mass of the scalar field fulfils 2 2 11 13 8 m k ( 7 ) and, in addition, for decreasing warp factor there is an upper bound mass of 5k/2. Thus for decreasing warp factor the scalar field has one possible mass (11 13 /3k and this defines the mass of the vector field a : M=m/3. This value of mass is inconsistent with the mass according to Proca's equation (which is equal to m on the brane). Thus we conclude that for a constant c(r) and k>0 the field cannot be localized. For constant c(r) and k<0 the first and third r-integrals are infinite so for this case the field also cannot be localized. Because the first two r-integral are infinite for nonconstant c(r) and k>0 and the third r-integral is infinite for k<0 we conclude that the vector field cannot be localized for non-constant c(r). So for all cases the massive vector fields cannot be confined on the brane.
Finally we come to spinor fields. The corresponding action is
In the above, M are the curved space Dirac matrices and for the corresponding metric, the covariant derivative D M are [11] 5 , . 
By decomposing the 5D spinor field as
the field equation derived from the action S 1/2 gives the following solutions for p R,L [11] : For massive modes (m 0), the first expression is finite while the second and third expressions are infinite, except when we set d 1/2 =0. But the third expression is part of the mass term on the brane so it cannot be zero for the massive mode. For massless fields (m=0) all the above expressions are infinite except when both c 1/2 and d 1/2 are set to vanish, i.e. if there is no spinor field. Thus because all the three expressions above cannot be finite all together we conclude that spinor fields are not localized on the brane. Better localization cannot be obtained for a massive spinor field in the five-dimensional space because the rintegral in this additional term cannot cancel the third r-integral above. In [14] it was found that spinor field localization can be achieved by introducing an unrealistic imaginary mass term in the fivedimensional spacetime. One might try to localize the spinor field by taking the spinor field to interact with a scalar field through a Yukawa coupling g . We leave this investigation for future work.
CONCLUSIONS
The metric (3) that we considered is derivable from the Randall-Sundrum metric (1) via a relationship of the form (dy) 2 =exp( 2k|r|)(dr) 2 and exp( k|r|)dX =exp( k|y|) dx between the fifth coordinates y and r of both metrics. However there are some distinct features between both metrics. Both metrics have different Ricci scalars, Einstein tensors and energy-momentum tensors. The proper distance into the bulk for the metric (1) is infinite while for metric (3) it depends on the warp factor. Decreasing warp factor in metric (3) gives finite proper distance into the bulk and increasing warp factor gives infinite proper distance.
Scalar and vector matter fields can be localized on the brane r=0 for the metric (3) for the following conditions: Massless scalar-fields are localized on the brane for a decreasing warp factor but not for an increasing warp factor, the same localization property for the metric (1). However, while massive scalar fields are not localized for the Randall-Sundrum metric (1) they can be localized on the brane for the metric (3) for either case, decreasing or increasing warp factors. In addition, there is a mass upper bound on the scalar fields for a decreasing warp factor and there are two possible masses for an increasing warp factor.
Massless vector fields can be localized for a decreasing warp factor and a constant c(r). This is a better result when compared to the original RandallSundrum model. For non-constant c(r), massless vector fields are not localized, either for decreasing or increasing warp factors. Also massive vector fields cannot be localized on the brane for any kind of warp factor.
Finally, we found that massless and massive spinor fields cannot be localized on the brane. Thus there is no improved localization for the spinor case, as compared to the metric (1).
To seek possible localization for spinor fields we must then look at nongravitational interactions. Introducing a Yukawa coupling between a scalar field confined to the brane and the spinors fields is one type of interactions that is worth considered. We will look at this possibility in future work.
